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Abstract  To study of the growth and development of maize and green gram in sole and intercropping systems, an 
experiment using replacement techniques was conducted using different cropping systems of intercropping in five levels 
(sole maize, sole green gram, 25% maize + 75% green gram , 50% maize + 50% green gram, 75% maize + 25% green gram) 
and three cultivars of maize (S.C 260, S.C 301, S.C 302) at split plot experiment in the form of RCBD with three replications 
at the Research Farm of Agriculture Center of Zabol University (Iran) in 2011. Cult ivars of maize were allocated to main 
plots and cropping systems of intercropping was allocated to sub plots. The results showed that the maximum of soil moisture 
was obtained at sole green gram and between intercropping the highest soil moisture was obtained in 75% green gram + 25% 
maize. The maximum of soil temperature was obtained at sole maize and between intercropping the highest soil temperature 
was obtained in 75% maize + 25% green gram. The maximum of soil N was obtained at sole green gram and between 
intercropping the highest soil N was obtained in  75% green gram + 25% maize intercropping. The highest LER obtained from 
cropping system of 75% maize + 25% green gram with LER=1.42. The highest of LER for cu ltivars of maize was obtained in 
S.C 302 (1.13). Results indicate that intercropping can increase shading in cropping system compared to sole maize, reduced 
water evaporation, conservation of soil moisture and improves soil fertility lead ing to increased crop yield. The results also 
showed that the best cultivar was S.C 302 and the best cropping system was 75% maize + 25% green gram from the v iewpoint 
of LER and 75% green gram + 25% maize from the viewpoint of soil N fert ility. 
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1. Introduction 
This negat ive result  of agricu ltural train ing cou ld be 

contrary by the correct used of fram yard manures and crop 
residues within cropping systems[16]. Cropping system (i.e. 
intercropping or mult iple cropping) plays an important role 
in agricu lture because of the effective used of resources, 
significantly  improvment  crop  productivity  compared  to 
that of sole cultured crops[18]. Inter specific competition 
and facilitation interaction which may curse when two crops 
are grown together have been lengthy attended[28]. Pulse 
crops are widely indicators as builders of soil fertility and 
participate substantial amounts of N for sustainability of 
cereal-based cropping systems. Capacity o f pu lse crops 
increases soil fertility[8]. N transfer from legumes to cereals 
has been lengthy studied[12]. Sharma and Gupta (2002) 
were indicated that puls crops are costly in improv ing yield  
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and N nutrition of pearl millet[22]. Intercropping is spread 
accepted as a sustainable practice due to its yield advantage, 
high used efficiency of light and water[9, 30]. Lupwayi and 
Kennedy (2007) were indicated that intercropped pulse 
crops benefit the associated cereal crop like maize by either 
transferring a part of fixed N2 because of their less N 
requirement[19]. Intercropping can keeping soil moisture by 
providing shade, reducing wind speed and improved soil 
structure[27]. Sillon et al. (2000) were concluded how the 
station of the different root systems in an intercropping 
system affects water uptake and the ability of each crop to 
compete for water resources[23]. Ghanbari et al (2010) was 
shown that maximum values soil moisture was recorded at 
85 DAP and water contents were fewer at 95 Day after 
Planting. Values of soil water content under the sole maize 
crop were similar to those in the Cowpea-maize system. 
They had shown that the measured soil water contents in the 
sole maize system were fewer than those in the intercropping 
systems[7]. 

We attended the effect of cropping system on soil 
moisture, soil temperature, soil nit rogen and LER of a 
maize/green gram intercropping system. The assumption we 
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tested were: (1) intercropping is better at conservation of 
soil moisture and temperature compared to  sole maize ,(2) 
intercropping is better at yield advantages compared to sole 
crops and (3) intercropping is better at increase of Nitrogen 
content of soil compared to sole maize. 

2. Materials and Methods 
A Split plot experiment using replacement techniques was 

conducted using different cropping system of intercropping 
in five levels (sole maize, sole green gram, 25% maize +   
75% green gram, 50% maize + 50% green gram, 75% maize 
+ 25% green gram) and three cultivars of maize (SC 260, SC 
301, SC 302) at split p lot experiment in the form of RCBD 
with three rep licat ions at the Research Farm of Agricu lture 
Center of Zabol University (Iran) in 2011. Cult ivars of maize 
were allocated to main p lots and cropping system of 
intercropping was allocated to sub plots. Planting dates for 
the cropping season 2011 was  21 April. The experiment 
was carried out on a sandy loam soil (Tab le 1).  

All phosphorus (300 kg/ha) and Potassium (100 kg/ha) 
and half of nitrogen (175 kg/ha) were applied  at planting 
while rest of nitrogen was applied at stem elongation stage. 
All other cultural pract ices including irrigation, thinning 
and weeding were kept normal and uniform for all the 
treatments. The treatment comprising the individual plot 
size was 3 m × 0.5 m. Maize cu ltivars include: S.C 260, S.C 
301 and S.C 302 and green gram was native cultivar were 
sown on year 2011 by hand. Inter-row spacing was 50 cm. 
Initially 2-3 seeds were sown per hole. Twenty five days 
after sowing  (25 May), seedlings were thinned to retain one 
healthy seedling per hole. So il moisture dynamics were 
studied during 2011 year in  all treatments, using of different 
between wet and dry soil. Sampling done of three point of 
treatment depth of 0- 15 cm soil. Distinct of soil volume by 
cylindrical ring (100 cm3) was pick up and weight then in 

drier machine to 110 co was set. Difference of wet and dry 
soil weight was volume of water. So il voluminal water 
calculated by below formula. 

Qt=Vm/Vt . 100 
That Vm is soil voluminal water, and Vt is volume 

cylindrical ring (100 cm3). 
The soil layer above thermometers was used to record soil 

temperatures. The thermometer were buried in the soil 
horizontally (at  20 cm depth), between two  row plants in 
each of the maize and green gram rows in a middle row. The 
measurement of temperature afternoon was made on 
relatively clear days. The thermometer was Dial Deep Frying 
Model that made of France country. Nit rogen was 
determined by Kjeldahl procedure. Potassium was measured 
by flame photometer (Corn ing 405). The Land Equivalent 
Ratio (LER) was used to evaluate intercrop efficiencies in 
yield to sole crops. The LER defines yield as a function of 
area: 

LER = ICa/MCa + ICb/MCb 
Where IC and MC refer to intercrop and mono crop yields 

and the subscripts a and b indicate the component crop yields 
in the mixture. The data on growth, yield and other 
parameters were analyzed by Fisher’s analysis of variance 
technique and Duncan test at 0.05 probability level to 
compare the treatment means[24] Data analyses were 
conducted using of SAS[21] as a Sp lit p lot experiment 5 × 3 
with three rep licates. 

3. Results and Discussion 
3.1. Soil Moisture (S M) 

Analysis of variance (Table 2) showed that there were 
significant effects of cropping systems, cultivars and 
interaction cropping system in cult ivars on soil moisture 
content (Anova).  

Table 1.  Soil characteristics of the experiment area during 2011 growing season 

Year Depth of soil (cm) pH Ec( ds /m ) N (%) Ca(ppm) K(ppm) Sand Silt  Clay 

2011 0-30 7.7 8.1 0.057 11.3 241 70 16 14 

Table 2.  Analysis of variance for parameters of cropping systems and cultivars of maize 

S.OV df SM ST SN LER 

Replication 2 16.33ns 21.99ns 0.00000001ns 0.0001ns 

C 2 4.33** 4.33** 0.0000082** 0.00077** 

Error (a) 4 0.0017 0.001 0.0000006 0.000066 

I 4 1.87** 1.8** 0.000042** 0.618** 

C*I 8 5.85** 5.6** 0.00000084ns 0.00026** 

Error (b) 24 0.0016 0.001 0.00000006 0.000044 

C.V (%) --- 0.17 0.10 1.97 0.59 
*, ** , ns :significant at p<0.05 and p<0.01 and  non significant, respectively. 
SM: Soil moisture, ST: Soil temperature, SN: Soil nitrogen, LER: Land equivalent ratio. 
C.V: Coeffi cient of Variation 
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Table 3.  Means of parameters of maize cultivars and cropping systems 

Cultivars SM ST SN Total LER 

S.C 260 9.38 b 25.9 a 0.040 a 1.11 b 

S.C 301 9.45 b 25.1 b 0.038 b 1.12 a 

S.C 302 9.93 a 24.4 c 0.038 b 1.13 a 
Cropping system 

Maize : green gram     

100:0 9.49 d 25.4 a 0.038 e ------ 
0:100 12.03 a 22.1 d 0.048 a ------ 
75:25 10.04 c 24.4 b 0.041 d 1.42 a 
25:75 11.26 b 23.2 c 0.046 b 1.02 b 
50:50 10.52 c 23.9 c 0.044 c 0.91 c 

SM: Soil moisture, ST: Soil temperature, SN: Soil nitrogen, LER: Land equivalent ratio. 
Any two means not sharing a common letter differ signi ficantly from each other at 5% probability 

Soil moisture content in the soil was reduced dramatically  
in the sole crop of Maize due to high evaporation potential; 
on the contrary soil moisture content in the soil was 
increased dramat ically in the sole crop of green gram due to 
low evaporation potential fo r growth period. green gram 
provided better soil cover compared to sole maize so water 
evaporation at soil surface was low and h igh soil moisture 
compared to sole maize. Division of root systems among 
species and cropping system influenced the water content 
down the soil profile . In the green gram -maize intercropping 
plots, soil water content was average between sole green 
gram and sole maize. Similar findings were shown by 
Izaurralde et al. (1994), including greater water use 
efficiency in a pea-barley intercropping than in either of the 
sole crops[10]. Improvement canopy cover is also critical to 
crop water-use or evapotranspiration and its partitioning 
between transpiration and soil evaporation[6]. Morris and 
Garrity (1993) were shown that increasing fert ility of 
intercropped soybean and maize over the sole crop has been 
to connect with to better use of water[15]. Ogindo and 
Walker (2005) to study of maize-bean intercrop had shown 
that intercrop have been known to hold ing water, largely 
due to early high leaf area index and higher leaf area[20]. 
Maximum values soil moisture was recorded at S.C 302 and 
minimum values soil moisture was recorded at S.C 260. In 
summary, the measured soil water contents in the sole maize 
system were fewer than those in the intercropping systems. 

3.2. Soil Temperature (ST) 

Soil temperature (Table 2) was significantly affected by 
cropping systems, cultivars and interaction cropping system 
in cult ivars. Soil temperatures may  therefore effect  growth 
and development differently, although on root temperature 
requirements when shade is betray noticeable less has been 
detection[13]. The results indicated that soil temperature in 
cropping systems could be developed into a functional 
methodology for understanding shading gradients in space. 
Intercropping systems was compared to sole crop of green 
gram have higher than soil temperature (Tab le 3). On the 
contrary the highest of Soil temperature was obtained at sole 

maize. The h ighest of ST was sole maize and the lowest ST 
was obtained at sole green gram and intercropping has 
average ST compared  at both sole crops (Table 3). In 
addition to this, significant soil temperature reduction of 
intercropped compared to sole maize may also have resulted 
from the shading effect of the both crops (green gram and 
maize). One reason for observing difference between the 
cropping systems could be that shading effect at 
intercropping compared  to sole maize. A  significant alley 
cropping influence on soil temperature was reported by 
Monteith et al. (1991) in  a semi-arid t ropical reg ion; soil 
temperature was always greater in the center of the alley than 
below the two hedges, up to 80 days after planting of pearl 
millet between hedges of Leucaena leucocephala Lam[14]. 
Maximum values soil temperature was recorded at S.C 260 
and minimum values soil temperature was recorded at S.C 
302. It is possible that S.C 302 the shading effect  greater than 
of S.C 260 because leafs S.C 302 was greater compared S.C 
260. 

4. Soil N after Harvest of Maize and 
Green Gram Intercropping 

Soil N was significantly affected by cropping systems and 
cultivars (Table 2). The results that the greatest soil N 
content and the lowest in the topsoil (0–20 cm) obtained at 
sole green gram and sole maize. Intercropping systems have 
higher soil N than sole maize (Table 3). Green gram 
facilitated the growth of intercropped maize and caused was 
obtained higher yield in intercropped than sole crops 
(LER>1). Reason of this high y ield  is possible transfer of N 
at intercropping of green gram to maize. There have been 
reports of N transfer occurring in  legume/cereal 
intercropping[25]. Development cereals, e.g. maize in the 
present study, would efficiently utilize soil nit rate and thus 
there would be less against effect on N fixat ion by legumes. 
In pea/barley intercropping, the intercropping advantage was 
longer due to the perfectly use of soil inorganic and 
atmospheric N sources by the inter  cropped pea and barley, 
resulting in reduced competit ion for inorganic N, rather than 
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a facilitative effect, in which symbiotically fixed N2 was 
made availab le to the barley[11]. Sharma and  Gupta (2002) 
were concluded that pulse crops are to cost in improving 
yield, quality, and N nutrition of pearl millet[22]. Zheng et 
al (2003) indicated that the spatial and temporal d ifferences 
in the growth factors and different crop species, 
intercropped plants could better utilize nutrients from soils 
compared with sole cropped plants[29]. Ghosh et al (2007) 
were showed that pulse crops are spread recognized as 
creative of soil fert ility and contribute substantial amounts 
of N for sustainability of cereal-based cropping systems. 
Inclusion of legumes increases soil fertility and result the 
productivity of succeeding cereal crops[8].  

4.1. Land Equivalent Ratio (LER) 

Higher LER in intercropping treatments revealed yield  
advantage over sole cropping due to better land advantages. 
The mean LER values were always greater than 1.0 (Tab le 3). 
Advantage from non legume–legume intercropping systems 
have been reported anticipation in crops such as wheat and 
legume[1], pea and barley[3], field bean and wheat[2] and 
maize and faba bean[18], and maize and cowpea[4]. The 
highest (Land Equivalent Ratio ) LER was obtained S.C 302 
(1.13) and the lowest LER was obtained S.C 260 (1.11), no 
significant different between S.C 301 and S.C 302. LER 
values were greater than one in 75%mungbean + 25% maize 
and 75%maize+25% green gram which indicated yield 
advantage of intercropping over sole maize. When LER is 
greater than 1, the intercropping pleasing the growth. In 
contrast, when LER is lower than 1, the intercropping 
negatively affects the growth and yield of plants grown in 
mixtures[5, 26]. So  intercropping showed an advantage 
over sole cropping at 75% green gram + 25% maize and 
75%maize +25% green gram. Comparing partial LER values, 
maize was clearly  the dominant component of the intercrop, 
displaying a considerably greater competitive ability to 
acquire growth limiting factors than green gram. Thus, it can 
be suggested that perfectible facilitation prevailing over 
competitive interference. Facilitative root interactions are 
most likely  to be of importance in nutrient-poor soils and low 
input agro ecosystems due to critical inter specific 
competition or facilitation for p lant growth factors[17]. 
Because of the spatial and temporal d ifferences in  the growth 
factors and different crop species, intercropped plants could 
better utilize nutrients from soils compared with sole 
cropped plants[29]. 

5. Conclusions 
From the above it can be showed that there are moratorium 

for improving the productivity of green gram /maize in the 
southeast of Iran  at the Arid ecological zone using of 
intercropping  is the best cropping systems, because at this 
system improved soil moisture, soil temperature, So il N and 
High yield was higher than compared to other sole crops. 
Variation of microclimat ic in intercropping system have 

caused that agreeable environmental condition  have ready  
for growth and high yield compared to sole crops. The green 
gram - maize intercropping operated more reserved water 
than a sole maize crop; the beneficial effects of the 
intercropping (reduced evaporation) appeared to plenty 
amends for interruption and uptake losses near the green 
gram canopy. It is obvious from the results, that green gram 
and green gram - maize intercropping are more effective in 
improving soil water keeping compared to sole maize. 
Facilitative root interactions are most likely to be of 
importance in nutrient-poor soils and low input agro 
ecosystems due to critical inter specific competition or 
facilitation for plant growth factors. We observed that 
intercropping of green gram and maize improved the soil 
focalizat ions of N. And then yield improvement, the 
facilitation  of mineral nutrit ion of maize and g reen gram by 
intercropping improved the mineral composition of soil 
culture. Thus, intercropping maize and green gram was 
caused improved soil fertility. 
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